Background: Thin body condition and weight loss are common in cats with chronic kidney disease (CKD). However, the time course and progression of weight loss before and after diagnosis have not been thoroughly evaluated.
W eight loss is common in cats with chronic kidney disease (CKD). The prevalence reported in the literature ranges from 42-82% (Table 1) and depends upon factors such as stage of disease, concurrent diseases, and treatment. [1] [2] [3] [4] [5] However, the specific amount and timing of weight loss is difficult to quantify because most studies have been retrospective. One study compared body weight 12 months before and at the time of diagnosis of CKD and found that cats lost a median of 10.8% of body weight in the 12 months before diagnosis. 5 Whether loss of body weight begins earlier than 12 months before diagnosis and whether the time course of body weight changes after diagnosis are unknown. Little information is available on body composition of cats with CKD, but the prevalence of cats with CKD that were "thin" or "emaciated" ranges from 36-81% (Table 1) . 1, 2, 5 Mechanisms for weight loss in CKD are multifactorial and include inflammation, malabsorption, increased energy requirements, and decreased appetite. 6 Terminology in the veterinary literature regarding decreased appetite is highly variable and often nonspecific (e.g, "anorexia," "poor appetite," "decreased appetite"). Retrospective studies providing data on decreased appetite in cats with CKD report a prevalence ranging from 21-92% (Table 1) . [1] [2] [3] 5, 7, 8 This wide variation likely is related to different stages of disease, lack of information in the medical records about appetite in retrospective studies, and a variety of other factors. One study that surveyed 1079 owners of cats with CKD reported a prevalence of "abnormal appetite" in 43% of affected cats, 8 and the mean appetite score was 5.5 AE 2.2, where 1 = no food intake and 10 = normal appetite (unpublished data).
Weight loss in cats with CKD is important because it can negatively impact survival time through direct effects of weight and muscle loss (e.g, weakness and impaired immune function) that have been identified in people with CKD and other chronic disease. 9, 10 However, in companion animals, weight loss and decreased appetite could decrease survival time indirectly because of their role in the euthanasia decision for many owners.
11 Although studies have identified an association between low body weight or weight loss and survival in cats 12 and dogs 13 with heart failure and cats with cancer, 14 only two studies have evaluated the association between body weight and survival in animals with CKD. One study of dogs with CKD identified a significant association between thin body condition and shorter survival time compared to dogs that were of normal weight or overweight. 15 A study of cats with CKD found that cats with body weight ≤4 kg had 2.5 times higher relative risk of death or need for parenteral fluids compared to cats that weighed >4 kg. 7 However, this finding was not significant on multivariate analysis.
To address some of these information gaps, the objectives of this study were to: (1) examine the time course of weight loss in cats with CKD both before and after diagnosis and (2) evaluate the relationship between weight loss and survival in cats with CKD.
Materials and Methods
Cats diagnosed with CKD from 6 US veterinary practices between 2006 and 2014 were eligible for this retrospective study. To be included, the following information had to be available: date of diagnosis of CKD, International Renal Interest Society (IRIS) stage, and age. In addition, cats had to have at least 2 body weight measurements: 1 at the time of diagnosis and ≥1 body weight measurement in the 3 years before or after diagnosis. All body weight measurements in the 3 years before and after CKD diagnosis were recorded and analyzed by 2 methods:
Calculation of body weight changes based on time windows
The time windows were constructed around the following time intervals and were made sufficiently wide to include as much data as possible without losing relevance. Cats were counted as having a body weight at a specific time point (e.g, 12 months before diagnosis) if they had a body weight measurement within the prespecified time windows (e.g, day À455 to À275). The prespecified time windows were as follows: 12 months before diagnosis (day À455 to À275), 6 months before diagnosis (day À225 to À141), 3 months before diagnosis (day À118 to À62), 3 months after diagnosis (day +62 to +118), 6 months after diagnosis (day +138 to +222), and 12 months after diagnosis (day +275 to +455). The days were defined relative to the diagnosis date (day 0). Although a simple method of analysis, data were lost when they fell outside of these prespecified windows.
Polynomial Growth Curves
Growth curve analysis was performed by a polynomial, mixed effects model to approximate a curve to fit the observed data. 16 The higher-order terms allow the data to deviate from linearity and give a more accurate representation of the data. The fixed effects model describes the average trajectory across all subjects over time. The random effects model describes the variation among subjects over time with respect to the average trajectory. The correlation structure was assumed to be autoregressive.
Survival and Hazards Analysis
Survival analysis was performed by Kaplan-Meier curves and log-rank tests. Cats that had not died were right-censored at their last contact date. Spline regression was used to test for nonlinearity in the predictor variables and for modeling nonlinear functions. This evaluation was performed by a restricted cubic spline model, with 3 knots of weight to create a smooth curve of estimated hazard. 17 Commercial statistical software a was used for all analyses and P < .05 was considered significant. 
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Mean score = 5.5 AE 2.2
Results
Five hundred and sixty-nine cats were enrolled in the study (55.5% spayed females and 44.5% castrated males). At the time of CKD diagnosis, median age was 14.9 years (range, 5.0-22.8 years). The categories of IRIS stages of the cats were as follows: stage 1 (n = 34; 6%), stage 2 (n = 345; 61%), stage 3 (n = 141; 25%), and stage 4 (n = 49; 9%). Median body weight for all 569 cats at the time of diagnosis was 4.2 kg (1.6-9.9 kg). Body weight was lower with increasing age quartiles: <13.0 years (4.6 kg [range, 2.0-9. All 569 cats had a body weight measurement at the time of diagnosis (because it was 1 part of the inclusion criteria). In the 3 years before diagnosis, the median number of body weight measurements was 6 (range, 1-47), whereas in the 3 years after diagnosis, the median number of body weight measurements was 4 (range, 1-128). The number of cats with body weight assessments in each of the time windows ranged widely (Table 2) , from a low at 3 months before diagnosis (n = 96) to a high at 12 months before diagnosis (n = 273). By means of the time points of 12 months before diagnosis (median body weight = 4.71 kg [range, 2.3-12.9 kg]) and time of diagnosis (median body weight = 4.36 kg [range, 1.6-9.6 kg]), the median percentage change in body weight for the 273 cats with body weight measurements at both time points was À8.9% (range, À47.7 to +45.9%). The median percentage change from the time of diagnosis to 12 months after diagnosis (n = 181 cats) was À6.2% (range, À53.9 to +29.7%).
To examine the time course of weight loss more closely by means of data from all 569 cats, growth curve analysis was performed. This evaluation identified a fixed effects solution with the estimated model: body weight = 4.43-0.417 9 time -0.05 9 time 2 -0.002 9 time 3 (Fig 1) . Based on this model, the estimated weight loss during each year (from 3 years before diagnosis of CKD to 3 years after diagnosis) was as follows: year À3 to year À2: À0.21 kg, year À2 to year À1: À0.28 kg, year À1 to diagnosis: À0.37 kg, diagnosis to year +1: À0.47 kg, year +1 to year +2: À0.58 kg, and year +2 to year +3: À0.71 kg. Body weight changes also were associated with age and IRIS stage (Fig 2A and B) .
Median survival time (i.e, time from diagnosis to death or censor) was 17.7 months (range, 0.0 to 93.4 months); 58.5% of cats were still alive at the time of analysis. Survival times were compared among sex, age, IRIS stage, and body weight categories. Sex was not significantly associated with survival (P = .470). Cats in IRIS stage 1 or 2 had significantly longer survival times compared to cats in IRIS stage 3 or 4 at the time of diagnosis (P < .0001; Fig 3) . Age also was significantly associated with survival time (Fig 4) : Cats had significantly shorter survival times with increasing age (P < .0001). Cats with a body weight at diagnosis higher than the group median (4.2 kg) had a significantly longer survival time compared to cats with a body weight lower than the group median (P < .0001; Fig 5) . The predicted hazard ratio varied with body weight, with cats at the lowest body weights and also the highest body weights having the highest risk for death (i.e, a "J-shaped" curve; Fig 6) . Multivariate analysis showed that age (P < .0001), IRIS stage (P < .0006), and body weight (P < .0001) all were significantly associated with survival.
Discussion
By the more limited time window analysis, cats had a median weight loss of À8.9% of body weight in the 12 months before diagnosis of CKD. This finding is similar to a study in which a median loss of À10.8% was reported, 5 but our study was limited by the number of cats with body weight measurements at both time points (and even fewer cats at earlier times before and after diagnosis). By growth curve analysis in our study, which included all 569 cats and allowed for additional assessment of the time course of weight loss in these cats, weight loss was identified as early as 3 years before diagnosis of CKD. Growth curve analysis also showed that this weight loss continued at an even faster rate after diagnosis. With the group's median weight loss, a 4.2-kg-cat might be expected to lose 0.86 kg in the Table 2 . Number of body weight assessments in each time window for 569 cats with chronic kidney disease. Cats were counted as having a body weight at a specific time point (e.g, 12 months before diagnosis) if they had a body weight measurement within the prespecified time windows (e.g, Day À455 to À275). The days were defined relative to the diagnosis date (Day 0). 3 years before diagnosis and 1.76 kg in the 3 years after diagnosis. However, the amount of weight lost in an individual cat was variable and the time course of weight loss identified in this retrospective study requires confirmation in prospective studies. In addition to the expected association between IRIS stage and age with survival, low body weight also was associated with a shorter survival time. This negative association between body weight and survival time also was identified in a study of dogs with CKD 15 and in the univariate analysis from a study of cats with CKD. 7 These findings may be related to negative effects of weight and lean body mass loss but also could be an indirect effect because, anecdotally, owner often report weight loss and decreased appetite to be a factor in the decision for euthanasia (and was identified in a study of dogs with congestive heart failure). 11 The significant relationship between low body weight and shorter survival in cats with CKD warrants additional research. Not only was low body weight associated with shorter survival times, but cats with the highest body weights also had shorter survival times. Although body condition scores were not evaluated in the current retrospective study because of a lack of consistent recording of this variable in the historical medical records, the U-or J-shaped relationship between body weight and survival suggests that an "obesity paradox" may exist in cats with CKD, as it does in people with a variety of chronic conditions, including CKD. 9, 18 The obesity paradox is a concept that is used to describe the fact that obesity decreases survival in otherwise healthy people, but in disease (e.g, CKD, congestive heart failure), people who are overweight have longer survival times. A variety of mechanisms have been proposed, but the obesity paradox likely is related to higher lean body mass (overweight and obese people typically have more lean body mass).
Most studies in people have shown either a linear relationship between body mass index and survival (with no negative effects of being overweight or even obese). In a study of 100 dogs with CKD, a significant association was found between thin body condition and shorter survival compared to dogs that were normal weight or overweight. 15 The study was not sufficiently powered to evaluate the effects of the highest body condition scores (e.g, 8-9 on a 9-point scale) compared to overweight (e.g, 6-7 on a 9-point scale). However, some studies in people with heart disease have shown a U-or J-shaped curve with the shortest survival for underweight people, followed by people at the highest body mass indices, and the longest survival for those who were mildly to moderately overweight. 19, 20 Results of our study are similar to those of a study of cats with congestive heart failure, 12 which also showed a U-shaped curve when comparing survival to body weight. In people with CKD and many other chronic diseases, not only does a loss of total body weight occur but a preferential loss of lean body mass occurs. Estimation of lean body mass loss (as documented by muscle condition score or more specific measures of body composition) has not been reported in cats with CKD. Additional research in which both body and muscle condition scores are recorded (and, ideally, more specific measurements of fat and lean body mass) would help to delineate the role of body weight and body composition in survival of cats with CKD.
In addition to the previously mentioned limitations of our study (e.g, retrospective design, lack of body condition and muscle condition scores, and lack of consistent timing of body weight measurements), a number of other issues are important to address. Treatment (both medical and dietary) were not standardized and because diet and medications can affect body weight and survival time, 21 these factors could have influenced the results. We also did not control for any potential concurrent diseases that may have been present in these cats, which is an important issue for future prospective studies. In addition, mechanisms underlying the relationship between body weight and survival were not investigated and require further study. A better understanding of the role of weight loss and decreased appetite on an owner's decision for euthanasia also is needed.
Despite these limitations, the results of this study support previous data showing that weight loss is common in cats with CKD. It also extends information from previous research by showing that weight loss is already present at least 3 years before CKD diagnosis and that weight loss appears to increase progressively over time after the diagnosis of CKD. Finally, results show that low (and high) body weight is negatively associated with survival time. These data support the importance of the nutritional assessment guidelines of the World Small Animal Veterinary Association and American Animal Hospital Association, 22, 23 which recommend a nutritional assessment be performed on every animal at every visit, which includes body weight, body condition score, muscle condition score, and diet history. Although much additional research is needed, these data suggest that careful monitoring of body weight, in addition to laboratory testing, may allow for an earlier diagnosis of CKD in cats and earlier institution of dietary management and other medical treatments.
Weight (kg) Fig 6. Hazard ratio based on body weight at the time of diagnosis of chronic kidney disease (CKD) in 569 cats. Dotted lines indicate the 95% confidence interval. Cats with the lowest and highest body weights at the time of diagnosis of CKD had shorter survival times than cats with more moderate body weights (P < .0001). 
